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Preliminary Account of the Geology of the High- 
lands in New Jersey 



W. S. BAYLEY. Ph.D. 



PRELIMINARY ACCOUNT OF THE GEOLOGY OF THE 
HIGHLANDS IN NEW JERSEY.* 

Introduction. 

The Highlands of New Jersey form a part of the belt of crys- 
taline rocks extending from the Hudson River south-eastward, 
crossing the Delaware near Easton and terminating at Reading 
in Pennsylvania. 

They consist in the main of a series of approximately parallel 
ridges composed of pre-Cambrian rocks separated by narrow val- 
leys underlain by Paleozoic and younger rocks, except along one 
line where the post-Cambrian beds form a long, comparatively 
narrow, mountainous ridge which in places rises even above the 
adjacent pre-Cambrian gneisses. 

From the time of H. D. Roger's Final Report on the Geology 
of New Jersey in 1840 the matter of the origin of the gneisses of 
the Highlands has been a source of perennial interest. It has 
been assumed by nearly all the students of the Highland geology 
that the gneisses are sedimentary and that their present crystal- 
line character is due to metamorphism. The evidence cited in fa- 
vor of this view was : 

(1) The occurrence of the gneisses in approximately paral- 
lel belts; 

(2) their association with white crystalline limestones; 

(3) their very general schistosity and the occurrence of 
the most schistose phases along the flanks of ridges ; 

(4) the wide-spread of occurrence of graphite in them. 
Their distribution was ascribed to close folding. 

Nason alone of all those who have written on the subject, 
has questioned the correctness of this conclusion. He recognized 

*Read at Chicago meeting, Am. Asso. Adv. Sci., Jan. 1908. Published with per- 
mission of the Director of the U. S. Geol. Survey. 

(27) 



8 

that schistosity is not a suflBcient criterion upon which to base a 
theory of origin of rocks exhibiting this structure. He, further, 
called attention to some facts that suggest that the conclusion 
might not be tenable. 

Within the past few years Dr. A. C. Spencer and the writer 
have visited a large portion of the Highland area in New Jersey in 
connection with the mapping of the Raritan, Passaic and Frank- 
lin Furnace quadrangles for the U. S. Geological Survey. The 
writer has further made a preliminary map of the Delaware Water 
Gap, the Easton, the Greenwood Lake, and the Ramapo quad- 
rangles, and thus has seen practically all of the Highlands in the 
State. 

Conclusions of Present Study. 

This general survey of the entire district, supplemented by 
detailed surveys of selected areas within the Raritan, Delaware 
Water Gap, and Franklin Furnace quadrangles, has shown 
clearly that the geological conditions throughout the entire dis- 
trict are essentially uniform, and that conclusions based on the 
detailed studies already undertaken may safely be applied to the 
whole area. In the present article only a summary of these con- 
clusions and the facts upon which they are based is possible. 

The major conclusions as they have been worked out in the 
Passaic and Raritan quadrangles and by Dr. A. 0. Spencer in the 
adjoining Franklin Furnace quadrangle are simple in conception, 
but the complexities of their details are so great that they can- 
not be developed fully at the present time. The main conclusion 
arrived at as the result of the study is that the gneisses are essen- 
tially igneous rocks that were intruded into a pre-existing series 
of sediments, only a few remnants of which now remain. 

The Sedimentary Rocks. 

These old sediments have been included in a single formation 
which has been called the Franklin limestone formation because 
of the predominance in it of the well kiiown white limestone like 
that at Franklin Furnace. Besides this limestone, the formation 

(28) 
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embraces also quartzose conglomerates, quartzites, a few slates 
and perhaps a few graphite-quartz-schists. The slates for the pur- 
poses of this paper are unimportant. They occur in very small 
quantity and at a few places only. At the north end of Cran- 
berry Lake a large inclusion is embedded in gneiss. The graphite- 
quartz-schists are referred to again later. 

The quartzite is a very hard, red, or gray ferruginous variety 
in heavy beds in which stratification laminae are rarely discerned. 
In a few localities it is interbedded with quartzose slates and lay- 
ers of specular hematite. The conglomerates differ from the 
quartzites in containing pebbles, the most abundant, and most 
prominent being of white quartz. In addition to these there are 
present also a few pebbles of a red jasper-like quartzite and of an 
epidotic rock the nature of which cannot be made out. In thin 
section the quartzites and conglomerates exhibit their fragmental 
character very plainly. They are seen to be composed principal- 
ly of quartz grains, some of which are enlarged water-worn sand 
grains, and a sparse cement consisting of chlorite, plates of hema- 
tite and grains of magnetite. In certain places the ferruginous 
interstitial substance increases to such a large extent that the 
rock has been worked as an ore. In this the quartz is in little 
fragments embedded in a groundmass of crystalline hematite 
mixed with a little magnetite. 

The limestone, which is by far the most important member 
of the formation, is normally a white or gray marble that varies 
greatly in texture from place to place. It is generally coarsely 
granular, but in some places it is fine grained and in a few locali- 
ties is nearly amorphous. It passes locally into pink or yellow 
or gray varieties, and at one place, where it has been quarried as 
an ornamental marble, it is a mottled red and white rock speckled 
with black flakes of biotite. Where present in large masses the 
limestone is comparatively free from included minerals, but where 
it occurs in small masses embedded in gneiss it usually contains 
diopside, chondrodite, phlogopite, quartz and graphite. Serpen- 
tine is abundant as an alteration product of diopside and chon- 
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clrodite, and talc, asbestus, and tremolite are present at a 
few points where the rock has been slieared. Most of the sili- 
cates and some of the qnartz are ascribed to contact action with 
the gneisses. 

Tlie limestone is almost massive. Bedding, in most instances, 
is very obscure. When observable, however, it usually strikes and 
dips conformably with the neighboring gneisses. In a few places 
the limestone is apparently folded, but cases where folding has 
been proven are extremely rare. 

At the north-east end of Jennie Jump Mountain a hard, dense 
silicious rock is intimately associated with the limestone. This, 
under the microscope, shows the presence of diopside, quartz, a 
little muscovite, some sphene and graphite, and a small quantity 
of calcite. Although no fragmental quartz grains could be detect- 
ed in any of their slides, the rocks are regarded as silicified cal- 
careous sandstones that suffered the same metamorphic changes 
as the limestones with which they are associated. 

The rocks of the Franklin formation are intruded by black 
gneisses, many of which are scapolitic, by veins or dikes of peg- 
matite and by distinct dykes of Newark diabases. Here and there 
in the limestone are a few belts of magnetite, some of which have 
been mined. In two or three places the rock is cut by tongues of a 
light colored rock. This is correlated with one of the acid gneisses 
of the district (the Losee gneiss) on the basis of its composition. 

Age of Sedimentary Series. — That the rocks of the Franklin 
series are pre-Cambrian admits of no doubt. Wolff and Brooks 
have proven this for the limestone in the Franklin Furnace quad- 
rangle, and relations between the limestone and the Cambrian 
sandstone similar to those described by these writers have been 
observed at many other places. There have, however, been no 
facts discovered that serve as a basis for separating the sedi- 
ments into a younger and an older series. Until such facts are 
discovered all the sediments are grouped in a single series. If 
we accept as a definition of the Algonkian that it is a series com- 
posed essentially of pre-Cambrian sedimentary rocks and asso- 
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dated igneous ones, then the Franklin formation is Algonkian. 
The Archean is represented by the pebbles in the Franklin con- 
glomerates. 

The Gneissic Rocks. 

The gneisses of the Highlands comprise alternations of ap- 
proximately parallel layers of rock rich in potash, with another 
rich in soda, and others rich in magnesia and iron. The rock char- 
acterized by high content of potash has been designated the Byram 
gneiss, that containing a large excess of soda is called the Losee 
gneiss, and those rich in magnesia and iron the Pochuck gneisses. 
There are all gradations between the three varieties, but the dis- 
tinct types are quite widely spread. All the gneisses exhibit a 
well defined linear structure in the arrangement of their consti- 
tuents which are elongated into cyndrical grains, or are grouped 
in little cylindrical aggregates. This structure dips and strikes 
in the same direction as the gneiss layers and usually pitches 
north-easterly at comparatively low angles (15°-40°). The strike 
of the layers is usually north-easterly and their dips high to the 
south-east, though strikes and dips in other directions are some- 
times met with. In a few places the layers curve and their dips 
change correspondingly. 

The Losee Gneiss. — In its best characterized phase the Losee 
gneiss is a white rock composed of oligoclase and quartz with 
minor amounts of a light green diopside, sphene, apatite, and 
magnetite and in some specimens a little biotite. Hypersthene 
is present to a considerable extent in some phases, when the rock 
takes on a greenish tinge. The linear structure is not as pro- 
nounced in the Losee gneiss as it is in the Byram gneiss because 
of the lack of contrast in the colors of its components. On frac- 
tures across the structure the rock is typically granular, but in 
other directions a more or less well defined schistosity is noticed, 
especially in the shape and arrangement of the quartz. An an- 
alysis of a pure white variety nearly free from diopside and hy- 
persthene when calculated in terms of standard rock-minerals 
showed a norm which is a persodic liparase, or a noyangose. 

(31) 
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The Byram Gneiss. — ^The Byram gneiss is a medium to coarse 
grained gray rock in its most characteristic outcrops. Its essen- 
tial components are microcline, a microperthite, orthoclase, 
quartz, brown hornblende, and sometimes green pyroxene. The 
accessories are sphene, apatite, and magnetite and sometimes bio- 
tite. In some varieties quartz predominates over the feldspars. 
In others it approximatey equals them. In others the feldspars 
are in excess. The calculation of an analysis of a very light gray 
variety containing very few dark components yielded a norm 
which is a soda-potassic alsbachase or a tehamose. 

The structure of the Bryam gneisses is usually strongly 
linear, but in some outcrops the rock is completely massive. On 
the surfaces of all fractures that are perpendicular to the direc- 
tion of elongation of the component minerals the texture is as 
granular as that of any granite. 

The Pochuck Gneisses, — ^The black gneisses are all grouped 
together under the name Pochuck gneiss. It is possible that the 
group is complex, i. e., that all the rocks placed in it are not of 
the same origin. It may well be that some of the dark gneisses, 
like some of those in the Adirondacks and others in Eastern On- 
tario, are metamorphosed sediments or tuffs; many of them are 
certainly igneous in origin. These rocks consist essentially of 
brown hornblende, green augite, and oligoclase with subordinate 
amounts of magnetite, apatite, and sphene and occasionally 
quartz. Where the Pochuck gneisses are closely associated with 
limestone, as in the tongues or dikes intruding this rock, the 
plagioclase is often completely replaced by scapolite. These scapo- 
lites varieties are the rocks that have been so often described in 
the New Jersey reports as "Gefleckter gabbros." Mineralogically 
the feldspathic phases may be regarded as augite diorites. Only 
one specimen has been analyzed. This is a sparkling black schist 
that, from the hand specimen alone, might have been classed as a 
hornblende schist. Chemically it is almost identical with some of 
the norites described by Kemp as occurring in the Adirondacks. 

(32) 
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In the terms of the new nomenclature its magma was an auvergn- 
ose, a presodic, docalcic, gallare. 

The structure of the Pochuck gneisses is more schistose than 
that of either of the other phases. This is due mainly to the natur- 
ally elongated form of its principal constituents. 

Mapping of the Gneisses. — The interlayering of the three 
types of gneiss and their gradation phases is so complex that no 
attempt to map them in detail would be^practicable. In some 
places the layers are only a few inches wide and consequently 
there are hundreds of them in a small area. In other places the 
gneiss of one type is in thick layers, and those of the other types 
in very thin layers. On the surface there may thus appear a wide 
belt of the predominant gneiss and narrow belts of the others. 
While all the gneisses are interlayered with one another, as a rule 
the Pochuck gneiss is more frequently associated with the Losee 
gneiss than with the Byram. No large area is covered with the 
Losee phase unmixed with Pochuck bands, though large areas of 
the Byram gneiss are found in which this type occurs alone. 

In mapping no attempt is being made to represent the distri- 
bution of the different gneisses with accuracy. Only the predom- 
inating rocks are mapped. It is to be understood in reading the 
maps to be published in the folios of the Survey that in addition 
to the gneiss represented as occurring in any given area there are 
also present smaller quantities of the other two. Of course, rocks 
intermediate in composition between the type phases are placed 
with that type which they most resemble. 

Relative Ages. — With respect to the relative ages of the 
gneisses little can be said. They are so intimately associated that 
it is difficult to conceive of them as differing widely in age. The 
Losee gneiss is unqjiestionably younger than some forms of the 
Pochuck gneisses, and all are younger than the Franklin forma- 
tion. Further than this, it is at present hazardous to express an 
opinion. 
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Other Gnbissio Rooks. 

Besides the gneisses that have been described above there are 
present also in the gneiss-complex long thin layers of a garnetifer- 
ous graphitic gneiss, and of a graphite quartz-schist. The former 
is a fine to coarse grained aggregate of quartz, feldspar, biotite 
or muscovite, garnet, magnetite and graphite. It is strongly 
schistose and in many places it exhibits every evidence of having 
been crushed. It's coarser varieties grade into garnetiferous peg- 
matites. The fine grained varieties may also be crushed pegma- 
tites, though it is probable that some of them are crushed sedimen- 
tary rocks. 

The quartz-graphite schists are fine grained, very schistose, 
dark gray, friable rocks composed of quartz, biotite, muscovite, 
occasionally a garnet, and a considerable quantity of graphite, 
in some cases reaching 3% to 4% of the rock's mass. The gra- 
phite is usually associated with the biotite. The two are often in- 
tergrown, though in most cases they occur in plates lying side by 
side. In thin section no traces of fragmental quartz grains can be 
detected. The rock is now completely crystallized. In spite of 
this fact it is thought that it was originally a sandstone, which 
has been recrystallized through the influence of igneous intru- 
s\ons. The fact that a very similar rock is sometimes observed 
closely associated with the Franklin limestone adds plausibility 
to this conclusion. 

Pegmatite. 

The most prominent rock of the Highlands aside from the 
gneisses is pegmatite. It is evidently the youngest of the pre- 
Cambrian rocks, since it is found cutting all the others. It occurs, 
(1) as irregular patches in the midst of the gneisses and grading, 
into them, (2) as dykes cutting across the structure of the dis- 
trict, and (3) as sheets interpolated between the layers of the 
gneisses and the beds of the limestone. The last described mode 
of occurrence is by far the most common. 

Mineralogically the pegmatites are like the acid gneisses. 

(34) 
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Some of them contain oligoclase as their predominating feldspar, 
while in others the preponderating feldspars are microcline and 
microperthite. Their other components are hornblende, magne- 
tite, graphite, and zircon, with occasionally a garnet. Muscovite- 
pegmatites are extremely rare. Hornblende is abundant in many 
instances, especially in pegmatites that are associated with mag- 
netite ores. In some cases it occurs in crystals 9 in. to 12 in. long. 
Magnetite and graphite are also often present in large quantity. 
The former mineral is so abundant in some cases that the rock has 
been mined as an iron ore. The graphitic varieties also are in a 
few cases very rich in this constituent. A few have been mined 
as a source of the mineral. 

The question as to the origin of the magnetite and graphite 
has not yet been solved. In some specimens these minerals are 
completely imbedded in feldspar and hornblende and thus appear 
to be original. In other specimens, however, magnetite occurs 
in the interstices between the feldspars and the graphite in plates 
wrapping around quartz grains. In these cases the two minerals 
appear to have been introduced subsequently to the solidification 
of the rock. 

Origin of the Gneisses and Their Structure. 

Because of their similarity in composition to the acid gneisses 
it is inferred that the pegmatites are intrusions of portions of the 
deep seated magma, the earlier exudations of which gave rise to 
the Losee and Byram gneisses. These rocks and the greater por- 
tion of the Pochuck gneisses are thought to have cooled from a 
molten magma which invaded a pre-existing series of sedimentary 
rocks of which the limestones, quartzites, conglomerates, and 
slates of the Franklin formation and probably the graphitic 
quartz-schist, and the finer grained garnet-graphite gneisses and 
possibly some of the Pochuck gneisses are the surviving remnants. 

In iriost places the invasions were along lines running north- 
east and south-west, resulting in the regular banding which is so 
conspicious a feature of the district. In certain places the first 
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intrusions were along curved lines. Later ones followed these 
and there resulted the curved belts as seen south of Split-rock 
Pond. 

The linear structure is regarded as the direct result of the 
flowage of the viscous magma and of crystallization of some of the 
minerals of the rocks under the influence of the strains produced 
by the flowage. That it is not the result of mashing during the 
diastrophic movement at the close of Paleozoic time is shown by 
the fact that there is no evidence of crushing observed in any of the 
sections made from specimens taken from points distant from 
faults. Moreover, the structure is found well developed in gneiss 
pebbles embedded in the Cambrian quartzites, and, consequently, 
was produced long before the movements at the close of the Paleo- 
zoic occurred. 

After the solidification of the gneisses they may probably 
have been much addition made to the complex by the intrusion of 
fluid or thinly plastic material. This intruded material was forced 
between the tabular masses or flat lenses of the already almost 
completely solidiqed rocks and spread out as plates between them. 
It now constitutes the numerous pegmatitic layers that are so 
constant and uniform a feature of the gneiss areas and which 
usually follow the banding of the gneisses, but in places cross 
them transversely. 

Structural Features of the Highland Area. 

Of the structural features of the Highlands there is little to 
be said. Great faults bound the Highlands on the south and sepa- 
rate the gneisses from the Paleozoic and Newark rocks. Others 
limit the south-east sides of the Highland ridges and form the 
north-west sides of the intervening valleys. If any longitudinal 
faults exist within the gneisses they have not been recognized. 
The ridges and the valleys on their north-west sides form parts of 
single crustal blocks, from which the present topography was 
carved. 

Minor faults are common, but all those that have thus far 
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been recognized cut across the banded structure of the region. 
No longitudinal minor faults have been detected, although some 
of the phenomena observed in the mines suggest that a few may 
be present. The cross faults are easily recognized by the hori- 
zontal displacements they have produced in the banding of the 
gneisses and in the ore bodies in the mines. These are nearly 
always to the right as one faces the fault plane and are usually of 
small magnitude, although in a few instances they measure sev- 
eral hundred feet horizontally. The fault planes usually strike 
about N 30** W, and dip at high angles. These minor faults are 
important practically as they often seriously affect mining opera- 
tions in the magnetite mines. 

The Magnetite Ore-Bodies. 

Any discussion of the Highland geology, however brief, 
without reference to the deposits of magnetite and franklin- 
ite vould be incomplete, although areally these rocks are un- 
important. It is not possible at the present time to discuss their 
origin. This will be done by Dr. Spencer in another place. At 
present only the manner of occurrence of the magnetite can be out- 
lined. That of the franklinite and zincite is so well known that it 
need not be described. 

The magnetite deposits occur in four forms: 

(1) As richly magnetiferous pegmatites; 

(2) As small segregations in the gneisses; 

(3) As layers or bands in the Franklin limestone; and 

(4) As interleaved layers in the gneisses. 

The segregations in the gneisses are small affairs and have 
never been of economic value. The magnetiferous pegmatites have 
been mined to some extent, but the material is necessarily lean 
and consequently is not of much value at the present time. The 
layers in the limestone and in the gneisses are essentially alike. 
They are series of flat lenses that conform in strike and dip with 
the associated limestone and gneisses and pitch in the same direc- 
tion and with the same angle as the neighboring gneisses. The 
lenses are arranged one above the other ^en enchelon' and are con- 
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nected by thin sheets of ore sometimes only a fraction of an inch 
thick. The ore bodies may occur in any kind of gneiss, but usual- 
ly there is some of the dark Pochuck variety near them. 

Lithologically the ore is only a very richly magnetiferous 
Pochuck gneiss. It consists of a mixture of the same kind of 
minerals that comprise this gneiss. It differs from the gneiss 
only in containing a larger proportion of magnetite. Here and 
there little layers of pure magnetite are observed running through 
the impure ore, but always following the direction of the plane of 
strike and dip. Very little of the rock as it comes from the mine 
is marketed as ore. Usually it requires careful cobbing before it 
is suitable for shipment, and even then it contains considerable 
rock material. The Hibernia ore, for instance, after cobbing, con- 
sists of : 

Magnetite 79.60. . 

Sphene 1.35 

Hornblende 



a Oct 

Pyroxene J ' 

Feldspars 7.12 

Quartz 2.07 

Apatite 2.01 

Pyrite and Calcite 1.60 

Comparison of the Highland Geology with that of the 
Adirondacks and Eastern Ontairo. 

A comparison of the geology of the New Jersey Highlands 
with that of the Adirondacks and Eastern Ontario reveals the 
fact that the Byram, Losee, and Pochuck gneisses have their 
equivalents in the northern districts, and that in general the three 
districts are essentially similar. 

The oldest rocks in the northern districts are crystalline lime- 
stones, quartzites, and micaceous schists that are considered to be 
metamorphosed sediments. Beneath these and also interlayered 
with them are augite gneisses that may be mashed intrusive 
granites or the extreme phases of metamorphism of arkoses or acid 
volcanic tuffs. This complex is invaded by gabbros and by rocks 
called syenites that are practically identical with the Byram 
gneiss in New Jersey. 
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In Ontario there is in addition a series of amphibolites which 
have a three fold origin. Certain ones are considered to represent 
limestones that have been altered by invading granites. Others 
have been produced by the dynamic alteration of basic igneous in- 
trusions; while still others have in all probability resulted from 
the recrystallization of basic, fragmental, volcanic material. All 
three processes have produced amphibolites that cannot be distin- 
guished from one another either by appearance or by chemical 
composition. A gneissic granite intrudes the sedimentary rocks 
and contains fragments of the amphibolites. 

The geological conditions are thus practically the same in the 
Adirondacks, Eastern Ontario, and the New Jersey Highlands, ex- 
cept that in the southern area no gabbros occur. 

In the northern regions the fragmental rocks and the schists 
derived from them are collective termed the Grenville series by the 
international committee on nomenclature, and the granitic 
gneisses that are instrusive into them but which are structurally 
beneath them are called Laurentian gneiss. 

Very recently W. G. Miller and C. W. Knight^ have sub- 
divided the Grenville series of Eastern Ontario into an older and 
a younger series separated by an erosion uncomformity. The 
younger series is correlated with the Huronian of the Lake Su- 
perior region and the older, for which the name Grenville is re- 
tained, is correlated with the sedimentary portion of the Kee- 
watin. The igneous portion of the Keewatin is represented by a 
spheroidal or ellipsoidal greenstone. No evidence of the existence 
of the igneous portion of the Keewatin has thus far been discov- 
ered in New Jersey, unless a few of the rocks that have been re- 
ferred to as slates belong here, nor have any sediments correspond- 
ing to the Huronian series as defined by Miller and Knight been 
recognized. The sedimentary rocks of the Highlands are apparent- 
ly equivalent to their Grenville series. 



neth Report Bureau of Mines of Ontario. 1907. Pt. I. p. 222-223. 
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Some Notes on River Development in the Vicinity of 
Danville, Illinois. 



CARROLL H. WEGEMANN 



SOME NOTES ON RIVER DEVELOPMENT IN THE VICIN- 
ITY OF DANVILLE, ILL.* 

Introduction. 

The following paper is a description of a small area situated 
in the western part of the quadrangle mapped and described by 
Leverett in Folio 67 of the U. S. Geol. Survey. The author has 
endeavored to make it supplementary to the former work, avoid- 
ing repetition except where it was necessary to repeat for the sake 
of completeness. He would wish at the outset to express his in- 
debtedness to Mr. Leverett for many broad conceptions of the 
region which have aided greatly in the study. 

The area lies between parallels 40° 4' and 40° 9' and between 
meridians 87°40' and 87°45' and embraces some 25 square miles 
of territory about the junction of the Salt and Middle Forks of 
Vermilion River in Vermilion Co., Illinois. 

Topography. 

The topography is that of a level prairie trenched deeply here 
and there by streams of considerable size. Just north of the area 
stretches the broad ridge of the Bloomington Moraine. The Ver- 
milion river which is formed hj the union of Salt and Middle 
Forks, and is later joined by North Fork at the city of Danville, 
flows south-eastward to meet the Wabash. The floor of its val- 
ley lies one hundred feet below the level of the prairie. Often 
the flood plain is narrow, often, however, it broadens out into 
bottom lands well-nigh a mile in width. (PI. Ill, Fig. 1). The 
valley sides, composed of shale and drift, are for the most part 
steep and precipitous, (PI. I, Fig 1). Partly covered by timber 
as they are they present a pleasing contrast to the somewhat 
monotonous level of the prairie. 

Descriptive Geology. 

The only hard rocks exposed within the area are those of 
the Coal Measures or Pennsylvanian. Upon these lie the deposits 

♦Accepted as a Thesis for the degree of M. A. at the University of Wisconsin, 
1907. 
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of the glacial and interglacial epochs, these deposits embracing 
both stratified and unstratified material. 

The Coal Measures. — ^These are for the most part shales 
which now and then grade into shaly sandstone and contain thin 
beds of limestone. The shales are usually blue gray in color, 
sometimes even blue. They are rather finely laminated and con- 
tain numerous concretions. Where undercut in the bluffs they 
stand in cliffs so steep that often they cannot be scaled. On the 
whole the shale does not show any marked difference in hardness 
from one place to another. We shall have occasion to refer to 
this point later. Fossils are comparatively rare except just above 
the coal seams, where fossiliferous horizons often occur. As typi- 
cal fossils may be mentioned spirifer cameratus^ discina nitida^ 
productus longispinuSy seminular argentiay comites mesolohus, 
hellerophon percarrnatus, hellerophon carhonarious pleurotoma- 
ria grayvillenisis. 

Coal Seams. — The Danville or Number 7 coal seam outcrops 
at the base of the bluffs in several localities within the area, as 
at the knoll in the flood plain of Vermilion River, Sec. 15, T 19 
N, R 12 W, and in the bottom of the ravine above Mauck's mine. 
It is also found a few feet below the flood plain of Salt Fork in the 
western part of the area where it is mined by stripping off the 
river silt. The seam is usually from 5 to 6 feet in thickness. It 
often contains lenses and veins of ironpyrites in such amount that 
the latter is separated from the coal and sold separately. The 
pyrite materially interferes with drilling for blasting, but is said 
not to injure the quality of the coal which lies in contact with it. 

Glacial and Interglacial Deposits. — Before taking up a 
discussion in detail of the horizons exposed it may be well to pre- 
sent actual sections of the drift taken at different localities with- 
in the area. The first two sections occur close to Middle Fork 
and show the terrace gravel or valley train of the Bloomington 
ice-sheet. The third section is in the north bluff of Salt Pork, 
south of the little town of Mission Field, situated in Sec. 17, T. 19 
N., R. 12 W., just west of the area discussed in detail. It may 
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be considered as more typical of the drift in general, since it is 
outside the area of the valley trains. 

section exposed along the road on the point between the Middle and Salt Forks 

of Yermilion River. 

Feet Inches 

Pebbles, clay, light brown 2 

Fine gravel, water laid 2 

Material resembling clay soil 3 

Valley train gravel. (Early V^isconsin) 12 

Layer of large boulders, many of them igneous 8 

Till, matrix of clay containing small pebbles, early Wisconsin 12 

Loess containing shells of gastropods, (lowan?) 3 6 

Coal Measure shale 

Total 30 7 

Section exposed on the north side of the irUerurhan cut at the east end of the 

hridge over Middle Fork. 
(This cut is made in the filling of a pre-glacial valley.) 

Feet Inches 

Pebbles, clay 3 

Valley train gravel, (Early Wisconsin) 13 

Layer of Boulders 10 

Tin containing bits of cedar wood, (Early Wisconsin) 6 

Sand lens, very irregular in outline, contains bits of wood, 

possibly represents a mass picked up bodily by the ice. . 4 
Till, less tenacious than that above and containing loess 

fossils (Early Wisconsin) 8 4 

Gary silt, bedded 8 

F^ne red clay, possibly an altered form of the silt of which it 

seems to be a part 1 

Sand, fine brown 1 3 

Sand, coarse, crossbedded 2 

Silt, blue, contains cedar wood, lower limit not exposed ... 3 

Total 42 2 

Section exposed in the bluff of Sailt Fork, just south of the Hamlet of Mission 

Field, 

Feet Inches 

Till, (Early Wisconsin) 15 

Loess containing shells and bits of cedar wood 1 

Till, the upper portion containing some loess fossils. Early 

Wisconsin. The lower portion probably Illinoian 10 

Coal Measure Shale 

Total 26 
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Illinoian Drift. — Although the drift of the Illinoian cover- 
ed this area and extended far to the south and east, no clear and 
undoubted exposure has been observed in this particular local- 
ity. In most places the loess of the lowan seems to have been in- 
corporated with the Wisconsin till and the Illinoian itself to have 
been worked over by the later drift. The lines of demarcation be- 
tween the Illinoian and the Wisconsin have thus in most cases 
been obliterated and the distinguishing features of the drifts 
themselves, such as color and cementation, are not always accu- 
rate guides to identification. 

In the bluff at Mission Field the loess is probably not wholly 
in place since loess fossils appear scattered through the drift 
below. The bed is nearly horizontal, however, and so little 
broken that it cannot have been moved far. The drift in this 
locality below the loess is probably a mixture of Wisconsin and 
Illinoian in its upper portion; the lower portion immediately 
above the shale may perhaps be regarded as Illinoian. 

The Loess (pre-Wisconsin) . — In the bluflP at Mission Field 
as above mentioned a layer of loess a foot in thickness occurs be- 
neath 15 feet of Wisconsin till, (PI. I, Fig 2) . The bed is exposed 
for some 20 feet and lies practically in a horizontal position. At 
its western extremity it ends abruptly, the layer appearing again 
at a level some three feet below. Evidently the bed has been dis- 
turbed. The till for some feet below it seems identical with the 
till above and moreover contains shells derived from the loess it- 
self. It is probably of Wisconsin age and has been shoved be- 
neath the layer of loess. The horizontal position of the bed of 
loess and the fact that it is but little broken would seem to indi- 
cate that it has not been moved far from its original position. It 
is not unlikely that it was frozen when disturbed by the ice. The 
loess itself is a very fine grained deposit, something between a 
clay and a fine sand. Its color is yellowish brown when moist. 
In this particular bed portions are darkened by the presence of 
carbonaceous material from the partial decay of twigs and sticks 
which embedded in it. Some of these bits of wood are in 
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a surprisingly good state of preservation, and show the original 
grain well. They were identified by Prof. C. F. Hottes of the 
University of Illinois as white cedar, a tree which is not now found 
in this locality. Their presence here would seem to suggest a 
somewhat colder climate than that of the present. From this bed 
shells of 5 small species of gasteropods were identified by Prof. 
T. E. Savage of the University of Illinois as undoubted loess fos- 
sils. 

On the point between Middle and Salt Forks loess also ap- 
pears as is indicated in the section. Here the bed is some 3 1-2 
feet in thickness and lies upon shale so disintegrated that it was 
at first taken for the blue clay matrix of the till. Little carbona- 
ceous matter is present here, and there is no indication of a soil 
zone either above or below the loess. The shale must have been 
comparatively bare of vegetation when the loess was drifted upon 
it. The soil which may have at one time existed upon the surface 
of the loess was probably removed by the early Wisconsin ice, as 
the till lies in direct contact with the loess. Shells of gastero- 
pods like those from Mission Field occur in the loess but are not 
so numerous in the till above as at other localities, probably be- 
cause the loess was here but little disturbed. 

Soil Horizons, — Ab already indicated the Sangamon and 
Peorian soil horizons below and above the loess have not been 
observed in definite exposures within the area under considera- 
tion. They are represented by bits of wood and carbonaceous 
materials embedded in the loess and the Wisconsin drift to be 
described. 

Inter-glacial Stream Deposits, — Of the work of streams be- 
tween the retreat of the lUinoian and the advance of the Wiscon- 
sin ice-sheets we have one record in a pre-glacial valley which the 
present stream of Middle Fork intersects at a considerable angle^ 
The valley was filled after its formation by glacial deposits of 
Wisconsin age. These are now exposed in an E-W cut made by 
the interurban line from Urbana to Danville, some twenty rods 
south of the Big Four bridge over Middle Fork. The section is 
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given on a preceding page. The lowest bed exposed is of firm 
blue water-laid clay. Sticks of wood resembling cedar were ob- 
served 3 feet below the top of the bed. Some 4 feet of the clay 
are exposed at an elevation 30 feet above the present river. The 
lower limit of the bed is hidden by debris. Above the clay is a 
two foot bed of coarse sand in which cross bedding is marked. 
Above that are 15 inches of fine sand, above this one inch of red- 
dish brown clay containing considerable limonite and above this 
8 inches of gray silt streaked with dark layers which contain car- 
bonaceous material. 

The Wisconsin till is in direct contact with the gray silt 
above throughout most of the exposure, but at the western end 
a mass of the till has pushed down to the blue clay below, cutting 
out the sand deposits, (PI. I, Fig 3) . Beyond this mass of till the 
blue silt again appears but the beds instead of being horizonal 
are tilted slightly to the eastward, the tilting being due to the 
disturbing effect of till. 

The beds of silt and clay described must have occupied some 
time in their formation. The presence of bits of wood and organic 
material suggests that the land along the ancient stream was 
forested. It seems probable therefore that these deposits are not 
associated with an advancing or retreating ice-sheet, but are sim- 
ply the results of normal stream action during an interglacial pe- 
riod. 

The ancient valley in which these deposits occur was narrow. 
The shale in the bluff 5 rods south of the cut marks its southern 
wall and shale again appears high in the bluff below the Big Four 
bridge. The valley was thus probably not over 20 rods in width. 
Its trend is uncertain. It may be stated however that the east- 
ern bluffs of the small valley just east of the Middle Fork are com- 
posed entirely of drift, indicating the existence of a preglacial 
valley at this point. 

The Early Wisconsin Drift — a. Unstratified Deposits. — It is 
the early Wisconsin drift that gives to the country its topographic 
expression since it represents the last advance of the ice over 
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this area. As typically developed the till consists of a bluish gray 
clay matrix in which are embedded pebbles the greater percentage 
of which are not over one-half inch in diameter. Boulders a foot 
or two in diameter are however not at all uncommon. The peb- 
bles and boulders are in many cases derived from the pre-Cam- 
brian rocks of the north, though a large percentage of them are 
of local origin. Finely striated limestones are frequently seen. 
The blue clay matrix of the till is decidedly compact and firm. 
In color it much resembles that of the coal measure shales. Near 
the surface, around the roots of trees and along joints which 
give access to surface waters, this color has been altered to 
an earthy brown. A fine foliation is joften observed in the 
till in certain localities, as on the point between Middle and Salt 
Forks where it is immediately below the layer of boulders 
at the base of the terrace gravel. Horizontal foliation in till is 
usually ascribed to ice pressure. In this particular case, how- 
ever, this upper portion of the till was probably some 20 feet be- 
neath the surface of the drift, as it was left by the ice, as will be 
explained later. Foliation is present only in its upper 18 
inches, immediately below the layer of boulders. This 
portion of the till also has been markedly oxidized. It may be 
that its foliation is in some way connected with its altera- 
tion by the water in the gravel above. In this con- 
nectiqn it may be noted that in artificial cuts where the till is 
exposed it often exhibits a rough foliation parallel to the exposed 
surface, and this foliation appears to result from the ordinary 
processes of weathering, (PL I, Fig. 3). 

It will be remembered that the ice of the early Wisconsin 
swept over a country which was covered by a deposit of loess upon 
which forests grew. In this area the loess being comparatively 
thin was often entirely incorporated with the till. In the lower 
portion of the till shells of small gasteropods are often found in 
considerable numbers. They are identical with those which oc- 
cur in the loess. In certain localities, as in the interurban cut at 
Middle Fork, the lower portion of the till is not so firm and tena- 
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ceous as that above. This fact together with the presence of loess 
fossils suggest that the till at this place contains a large admix- 
ture of loess. 

At this locality also numerous logs and bits of wood occur 
embedded in the lower 15 or 20 feet of the drift. These vary in 
size from twigs to logs 6 inches in diameter. When first pulled 
from the drift they are heavy with water and spongy, but show 
the grain well. A careful examination of wood from this locality 
has not been made, but it appears to be white cedar, like that ob- 
served in the loess at Mission Field. 

6. Stratified Drift — Associated with the Wisconsin till oc- 
cur deposits of stratified sand and gravel which were formed by 
the waters from the ice sheet. They take the form of horizontal 
beds from a few inches to several feet in thickness, or they may 
occur as lens-shaped deposits within the drift. They are very ir- 
regular in outline. Often the upper portion of the sand contains 
small masses of the till, as if the latter had been shoved down into 
it by the pressure of the ice. In one place it contains a mass 
of sticks. It is very probable that some at least of these 
sand lenses were incorporated in the drift by the advance of the 
ice instead of being put down in place by glacial waters. 

In the bluff at Mission Field two thin layers of sand (not 
given in the section) occur within the till and are of uniform 
thickness for some distance. On the point south of the river in 
Sec. 15, T. 19 N., R. 12 W., at the top of the bluff, a section is ex- 
posed as follows : 

Gravel, bedded 4 feet 

Layer of boulders 6 inches 

Till 6 feet 

Gravel and sand, bedded 6 feet 

This deposit follows the river for some distance. At this 
particular place it extends back from the river 12 or 15 rods. It 
has the appearance of a valley train deposit covered by a local re- 
advance of the ice-sheet. 
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In the ravine to the north of the river a similar deposit ap- 
pears above a mine shaft. The section here is as follows : 

Wisconsin tiU 6 feet 

Bedded gravel and sand 6 feet 

Layer of boulders 1 foot 

Till 20 feet 

Shale 

Whether these are local deposits or whether they represent 
a valley train covered by a local re-advance of the ice, the writer 
is unable to say. 

c. Valley Train Gravel. — Deposits of stratified gravel and 
sand occupy a definite terrace in the bluffs along Middle Fork. 
The deposit is usually from 10 to 15 feet in thickness. It con- 
sists of beds of coarse sand in which crossbedding is often con- 
spicuous, and layers of gravel which vary from fine pebbles to 
stones 3 inches in diameter, (PL II, Fig. 1) . At the base of the de- 
posit is invariably found a layer of large boulders some of which 
are a foot in diameter. Some of the beds, especially those near the 
base of the deposit are cemented by calcium carbonate into a fairly 
firm conglomerate. Cementation is probably going on at the pre- 
sent day, as the horizon is a water-bearing zone and in several 
localities springs depositing travertine occur as will be described 
below. 

This gravel deposit rests now on shale, now on Wisconsin 
till. Its base is usually at an elevation of 55 or 60 feet above the 
present river or some 40 feet below the general level of the coun- 
try. When traced northward along Middle Fork the deposit be- 
comes less definite in outline and finally merges into the swells 
of the terminal moraine. In fact it appears to be the remnant of 
a valley train deposited when the edge of the ice-sheet stood along 
the line of the Bloomington moraine. 

The valley in which this deposit occurred must have been ex- 
cavated after the Champaign substage of glaciation, for the gravel 
to-day rests in certain places on Wisconsin till. This ancient val- 
ley was from 30 to 40 feet in depth and near the mouth of Mid- 
dle Fork a half mile in width or about twice the width of the pre- 
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sent valley. It is perhaps remarkable that so large a valley 
could have been excavated between the Champaign and the Bloom- 
ington sub-stages of glaciation, but as pointed out by Mr. liever- 
ett/ there is evidence in the shifting of the axes of movement of 
the ice lobes between the Champaign and the Bloomington that 
this interval was greater than that usually accorded to a glacial 
sub-stage. The valley was for the most part excavated in uncon- 
solidated materials and the volume of water was probably great. 

The layer at the base of the gravel may represent boulders 
which were present in the drift, the finer material having been 
removed in the excavatipn of the valley. The boulders 
were thus concentrated in a definite layer upon the valley floor. 
As the stream lost something of its energy the outwash gravel 
from the ice was put down above them. 

At the top of the bluflf at the western end of the interurban 
bridge over Middle Fork the gravel is being used by the company 
for ballast. The deposit here rests upon shale and is some 12 
feet in depth. A few rods to the west along the track, however, 
the deposit is but half that depth, and rests upon several feet of 
till, below which the shale appears. In fact, at this point we seem 
to have the western wall of the old valley in which the gravel was 
put down. The contact of the gravel with the till which formed 
the valley wall can be quite plainly seen. 

Surface Clay. — ^At the surface in this area occurs a deposit 
of sandy clay from one to three feet in thickness which is free 
from pebbles. It is light reddish brown in color. The grains are 
not as fine as those of loess but they are not too coarse to be wind 
blown material. The deposit occurs above the till and also above 
the valley train gravel. It has been but little studied by the 
present writer. 

Deposits of Calcium Carbonate. — It was stated that the only 
hard rocks exposed withiii the area are the shales of the coal 
measures. This is not strictly true for several deposits of cal- 
cium carbonate occur which may be mentioned here, since the 

»FollO, U. S. G. S. No. 67, p. 1. ^ 
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waters that put them down probably obtained their material from 
the drift. In Sec. 16, T. 19 N., R. 12 W., several large masses of 
travertine may be observed among the trees at the foot of the bluff, 
(PI. II, Fig. 2). These lie just north of several old mine drifts. 
One of the masses some 40 feet long, 20 feet wide and 10 feet thick, 
apparently represents three separate slumps from the cliff above. 
Several smaller fragments lie scattered about. The bluff in this 
locality is 110 feet in height. It is shale except the upper 20 feet, 
which are in drift. A seepage spring issues from the base of this 
drift along the upper surface of the shale. It is not a large spring, 
but causes the ground to be soft for some 3 rods along the face of 
the bluff. At one point an inch stream of water forms a minature 
cascade and then spreads out upon the leaves and is half lost in 
ooze. A little below the point where this stream issues a mass of 
travertine 20 feet long and 12 or 15 feet thick clings to the face of 
the bluff. A few trees grow upon it. At one point an old trunk 
was evidently buried by the deposit and then rotted away, leaving 
a cylindrical opening some 8 inches in diameter. 

The travertine is white to buff in color when freshly broken. 
It often preserves in stone the forms of leaves and grass stalks. 
It is probably only a question of time before this mass will be 
loosened by its own weight from the face of the bluff and roll down 
to join its fellows. Below this mass of travertine the surface of 
the bluff is covered with a calcareous ooze. Everywhere among the 
particles of dark soil may be observed little round grains of cal- 
cium carbonate which are evidently growing by continued precipi- 
tation of the salt upon their surfaces. 

A similar but smaller deposit is to be seen in the bluff just 
north of the east end of the Big Four bridge over Middle Fork. 
Here the spring issues at the contact of shale and valley train 
gravel. 

A large mass of travertine also lies at the base of the north 
bluff of Vermilion River in the western part of Sec. 15, T. 19 N., 
R. 12 W. A good sized spring issues from gravel at the top of the 
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bluflf, near a farm house, but the water has been diverted into a 
recent channel and no deposit is to be seen. 

Finally a depost of calcium carbonate in the form of stalac- 
tic material or onyx may be found in the river bluflE just west 
of the ravine which comes in from the south, in the south eastern 
corner of Sec. 15, T. 19 N., R. 12 W. The deposit takes the form 
of a vein cutting the shale, and as the river is rapidly undercutting 
the bluff the hard onyx stands out conspicuously as the shale is 
worn away. The vein is from 10 inches to 2 feet in thickness. It 
extends from a point some 20 feet above the river upward to within 
40 feet of the top of the bluff, a distance of some 30 feet. At the 
top and bottom the deposit ends abruptly. The shale in con- 
tact with the deposit does not appear different from that above or 
below. 

The vein itself is for the most part compact, but here and 
there cavaties occur within it. From the sides of these cavities 
stalactites are pendant. 

The deposit was evidently extended by deposition of calcium 
carbonate in minute veins along joint and bedding planes. Small 
masses of the shale can be found partially inclosed by such veins 
which intersect each other almost at right angles. The manner in 
which the shale is completely removed from between the veins is 
uncertain. Cavities may be observed from which the shale has 
been completely removed and which are not yet filled by calcium 
carbonate. 

Deposition is evidently not proceeding at the present time. 
No water is observed in connection with the deposit. The widen- 
ing of the river valley and the cutting of the ravine have left the 
vein of onyx running diagonally across a narrow point of the bluflf. 

Physiography 
RiVEE Valleys — ^A glance at the topographic map suggests 
two rather striking peculiarities of the rivers of this region : first, 
the contrast between the width of the same valley in diflferent por- 
tions of its course, and second, the contrast in the stage of develop- 
ment between the valleys of the main stream and its tributaries. 
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The width of a stream usually depends upon several factors, 
important among which are the energy of the stream expended in 
lateral corrasion, and the nature of the material corraded. The 
materials corraded in this locality are two, the shale and the drift. 
The shale is so uniform in texture and hardness for the most part 
that it may be considered as a unit. The drift is of course variable, 
but is always more easily attacked by the agents of erosion than 
is the shale. 

According to Mr. Leverett,^ the country upon which the drift 
was deposited was one past maturity in its topographic develop- 
ment, a country of gently sloping hills which rose 100 or 150 feet 
above the broad open valleys. If this conception is correct, the 
country must have been covered with drift to a level somewhat 
above the former hill-tops, as no rock outcrops at the surface of 
the prairie. When drainage was again established, after the re- 
treat of the ice the streams might or might not have followed their 
former channels, according as to whether they were or 
were not completely filled. In so far as the rivers worked 
in the unconsolidated drift filling of former valleys their 
work should have been more rapid than elsewhere. At first 
sight therefore it might appear that the broad expan- 
sions of the valley of the Vermilion, like that below the 
junction of Salt and Middle Forks, might be due to the re-excava- 
tion of pre-glacial valleys, while the narrower portions of the same 
valley might be entirely post-glacial in origin. It was with this 
thought in mind that the present study was undertaken. 

In the eastern part of Sec. 15, T. 19 N., R. 12 W., a knoll 
of shale entirely cut off from the main bluflf rises in the fiood 
plain of the Vermilion, (PI. II, Fig 3). At this point the fiood 
plain is over a mile in width. The top of the knoll is fiat and 
70 feet above the river. It seems to correspond to a conspicuous 
terrace on the bluflf opposite. It is stated by the residents of 
the vicinity that thirty years ago the knoll was some 400 feet 
in length from north to south. A coal seam outcrops at its 

^Folio, U. S. G. S. No. 67, p. 3. 
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base, and the caving incident to mining the coal combined with 

the undercutting of the river has greatly reduced the knoll so 

that its crest is but a few square rods in area. The valley that 

separates the knoll from the main bluflP is perhaps 15 rods wide 

at its top. In depth it is 50 feet, its floor being 20 feet above 

the present river. Its walls are rather steep, but more gentle 

in slope than those of the present bluflEs of the Vermilion. A 

section taken near the center of this valley at its western end 

is as follows: 

River silt with layer of pebbles 5 feet 

Till, tenaceous clay, with small pebbles 5 feet 

Danville coal seam 5 feet 

Another section taken 5 rods south of the last at the base of 
the knoll reads: — 

Water-laid material, pebbles and silt 2 feet 

Fragments of shale, perhaps a slump from the knoll, or a deposit from ice 4 feet 

Brown silt 2 feet 

Blue silt 1 foot 

Granite rocks, with fragments of coal, water laid 1 foot 

Danyille coal ; 5 feet 

It is evident from the above that we have here a pre-glacial 
valley, since glacial till occurs in place upon its floor. 

But if this valley is pre-glacial it must have been situated 
at a considerable distance from any main pre-glacial line of 
drainage since it is of small size and very shallow in comparison 
with the deep valleys of the ancient Vermilion as described by 
Mr. Leverett,^ and since the drainage of that period was so well 
established that small side valleys would not be in direct 
connection with those of large size. If this reasoning is correct, 
it will be apparent that the present course of the Vermilion 
in this particular locality is entirely post-glacial, and that the 
broad flood plain here observed is not due to the rapid re- 
excavation of a pre-glacial valley. Confirming this view is the fact 
that the valley walls from the junction of Salt and Middle Forks 
to this point are composed of shale to a height of at least 50 
feet above the river, (PI. I, Fig 1) . 

»Folio 67, U. S. a S., p. 3. 
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Returning again to a consideration of the knoll above de- 
scribed, we note that it was doubtless separated from the main 
bluff by the re-excavation of a small pre-glacial channel after the 
present river had established its course to the south of it. This re- 
excavation was probably begun by the work of gullies and the 
wash of the rains, but at some time in high water the present 
river must have rushed through the old channel. It will be 
noticed that the present valley just below this point narrows 
greatly so that the greatest effect of high water would be felt 
in the vicinity of the knoll. Judging by the river deposits which 
occur in the old valley and also by the almost complete re-excava- 
tion of the valley itself the present river must have flowed through 
this old channel for some considerable period of time at a stage 
in its history when its bed was at a level some 20 feet above 
that of the present. 

The problem of variation in valley width may be approached 
in another way. If the wide parts of the valley have been de- 
pendant for their formation on the softness of the materials in 
their walls as the controlling factor, we should expect to find the 
walls in the narrow portions of the valley composed of re- 
sistant materials, of shale for example, rather than drift. At 
the extreme western border of the area the valley of Salt Fork 
is unusually narrow. On the south steep bluffs of shale are 
undercut by the river, but on the north the valley wall rises 
in a gentle slope strewn with glacial boulders. This 
is clearly till in place. It mantles the slope to a depth of from 
5 to 15 feet. Below it is the shale. The top of the bluff here is 
an irregular terrace, some 75 feet above the river and covered 
by drift to a depth of 10 or 15 feet. Perhaps it should hardly be 
considered as a true terrace. Evidently Salt Fork at this point 
has followed for a short distance at least the channel of a small 
pre-glacial stream. The presence of the till, however, in one 
bluff was not sufficient to effect a widening of the valley. Evi- 
dently some other principle enters here as the controlling factor. 

In the southern part of Sec. 16, T. 19 N., R. 12 W.- just 
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south of the junction of the Salt and Middle Forks a second 
knoll of shale rises in the flood plain, (PL III, Fig. 1). It is 70 
feet in height and bears on its top a thin deposit of valley train 
gravel. Apparently it represents the same terrace as does the 
knoll described above. Vermilion river is at present actively 
undercutting the north-eastern side of the knoll. The slope at 
the northern extremity is also very abrupt. On the south-west 
the slopes are more gentle and at the south-eastern extremity 
the drop is very gradual. 

South of the knoll the level bottom land is some 10 feet 
above the present flood plains of the river. Several old stream 
channels corresponding in width to that of the present stream 
may be traced upon its surface. The valley bluflfs to the south 
are of shale and are very abrupt, (PL III, Fig 2). A river of 
considerable size must have cut at their bases, at no very dis- 
tant time. The only river which could have held this course 
is the Salt Fork. In that case it is scarcely probable that there 
was a more direct channel north of the knoll. In other words 
when Salt Fork flowed south of the knoll to join Middle Fork 
somewhat to the eastward, the knoll was united with the point 
which lies between Middle and Salt Forks. It will be remem- 
bered that a deposit of valley train gravel also occurs upon this 
point. It seems not improbable that the present valley between 
the knoll and the point was opened by the lateral corrasion of 
the two streams. Salt and Middle Forks, working upon op- 
posite sides of the point. Whether or not the work of the streams 
was aided by the presence of drift, filling some small pre-glacial 
valley at this place it is impossible to say. There is no evidence 
that this was the case. 

The above discussion has not been introduced at this point 
without purpose. We have seen that diflPerences in the nature 
of the materials composing its bluflfs seem inadequate to account 
for the variations in width of the Vermilion valley. Anything 
which tends to direct the current of a river against one of its 
banks tends to widen the valley of that river. The reversal of 
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one meander means a change in the meanders below. The reflec- 
tion of the current from bank to bank continues down stream 
till the energy of the swing is exhausted. The change in the 
course of Middle Fork above described would involve not only a, 
reversal of meanders but a considerable change in the place of 
union of the two streams. It is impossible to say to what extent 
these changes have been effective in producing the widening of 
the valley, yet it seems probable that they may have been a con- 
siderable factor in bringing this about, perhaps the controlling 
one. 

In considering the course of Middle Fork it will be observed 
that the valley alternately narrows and widens. The long axis of 
the broad expansions being often at right angles to the present 
course of the stream. In fact the stream seems to have con- 
siderably straightened its channel. It is suggested by Mr. 
Leverett^ that the winding course of Middle Pork was originally 
determined by the hills and inequalities of the Bloomington 
moraine, through which it flows. Only the most southerly of 
these expansions is included within the area here considered. 

Except for the drift filling of the small pre-glacial valley 
already referred to at the interurban cut the eastern bluffs of 
Middle Fork are composed of shale to a point perhaps a mile 
and a quarter above its mouth. Here the bluflP swings suddenly 
to the north-east forming the south-eastern wall of a broad 
amphitheatre-like widening of the valley. The river is seen com- 
ing in from the north-west along the western edge of a broad 
expanse of flood plain. At the point where it swings 
against its eastern bluflf the shale disappears and for half a 
mile to the north-east the bluflf bordering the wide valley on the 
south is composed entirely of drift. Then shale again appears 
and the broad expanse suddenly narrows to the small valley 
of a brook coming in from the north-east to join Middle Fork. 
On the north-west side of the broad expanse the bluflfs are man- 
teled with drift, although, in the small ravine just east of the 

'Folio No. 67, U. S. Geol. Survey, p. 6. 
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house on the point, shale appears at an elevation 65 feet above 
the river. Judging by the steepness of the bluffs, this broad 
expansion of the valley is inferred to have been produced by a 
meander of Middle Fork which has since been abandoned by 
the straightening of the stream's course, but in this case the 
relations of the drift in the walls seem to indicate that the 
unconsolidated filling of a pre-glacial valley materially aided the 
cutting of the stream. 

Terraces. — The deposit of valley train gravel occurring in 
terraces along Middle Fork and the Vermilion has already been 
referred to but a further discussion of the subject is necessary at 
this place. The point of land just east of Middle Fork and south 
of the interurban line is entirely covered by the deposit of gravel, 
which, however, is thinner than usual on the eastern side of the 
point. Its surface forms a terrace some 70 feet above the present 
river and 20 feet below the level of the prairie to the east. In look- 
ing from the point eastward across the little valley which runs al- 
most parallel with that of Middle Fork a narrow terrace is ob- 
served at the same elevation upon the drift bluffs opposite. No 
gravel, however, occurs here. The surface of the terrace would 
seem to be independent of the gravel deposit. 

In passing north-west along the eastern bluff of Middle Fork 
a terrace is seen on the point in the western part of Sec. 9, T. 19 
N., R. 12 W. It is some 16 rods in width and is at an elevation of 
60 feet above the present river. Numerous large glacial boulders 
are scattered over its surface, which appears to be of till with 
shale some 10 feet below. No train gravel is present in the 
terrace but it occurs in a ridge which rises 10 feet above the 
terrace on the east. It will be noted that the top of this ridge 
is thus on a level with the terrace south of the Big Four tracks. 
This ridge running north and south is narrow; beyond it to the 
east is a shallow depression which is suggestive of a temporary 
stream channel. It is too indefinite, however, to enable one to make 
sure of its nature. The terrace here described is thus at a level 10 
feet below that which marks the top of the valley train gravel. 
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These relations suggest that the gravel was at one time present on 
this terrace also, but that it was removed by subsequent stream 
cutting leaving the larger boulders at the base of the deposit 
upon the new bed thus formed. The terrace was not cut suffi- 
ciently wide at this point to remove the gravel deposit entirely. 
A variation of 10 feet in elevation is not unusual upon the flood 
plains of Middle Fork, so that this terrace may correspond 
practically to the terrace which levelled the surface of the valley 
train deposit further down the stream. 

Still further north along the east side of Middle Fork in 
Sec. 5, U. 19 N., R. 12 W., another terrace is observed at an 
elevation of 68 feet above the river. Several glacial boulders are 
scattered over it but no terrace gravel is observed. Along the 
eastern side of the terrace the surface rises abruptly 20 feet 
to the general level, 88 feet above the stream. At one point 
it contains stratified gravel. On the west the terrace 
falls away in a steep bank of drift to the flood plain of the 
river, but on the south a second, lower, terrace of considerable 
extent occurs at an elevation 40 feet above the stream. 

The 70 foot terrace is again seen opposite this point across 
Middle Fork as a narrow shelf on the bluflf where a tributary 
valley comes in from the west. 

As before mentioned the point between Middle and Salt 
Forks and the knoll to the south represent a terrace from 60 to 70 
feet above the river. A corresponding terrace may be seen on 
the bluffs at the south side of Salt Fork just west of its junction 
with Middle Fork. On the north side of the Vermilion in Sec. 
15, T. 19 N., R. 12 W., just north of the knoll previously de- 
scribed occurs a marked terrace at 70 feet above the river, (PI. 
Ill, Fig. 3) . In a road cut the following section is exposed : 

Sand and glacial gravel, water laid 2 feet 

Shale dieintegrated to a sticky clay 3% feet 

Clay shale 

On the south side of the river in Sec. 11, T. 19 N., R. 12 W., 
is a terrace 50 rods in width, which is believed to correspond to 
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Plate I 




Fig. 1. Shale bluffs with 
capping of drift. Vermil- 
ion river, looking east. 
Sec. 14, T. 19 N.. R. 12 W. 



Fig. 2. Bed of loess one 
foot in thickness in the 
river bluff just south of 
Mission Field. Sec. 17. T. 
19 N., R. 12 W. The bed 
has been somewhat dis- 
turbed for loess fossils oc- 
cur in the till below. At 
the left a bit of wood ap- 
pears in the loess. Wis- 
consin till is seen above. 





Fig. 3. Pre-Wisconsin 
stream deposits in the cut 
of the interurban line in 
the east bluff of Middle 
Fork. Sec. 9„ T. 19 N.. R. 
12 W. The lowest bed is 
of blue clay. Cedar wood 
was found where the 
workman is digging. The 
water laid deposits ap- 
pear the darker in the 
picture. Wisconsin till is 
seen in the upper third of 
the picture and also cuts 
out the stream deposit on 
the left. A log appears in 
the upper center of the 
picture. 



tJniv. Stud. Vol. III. No. 2 



Plate II 




* Pig. 1. Valley train 
gravel of Wisconsin age. 
West bluff of Middle Pork 
just south of the interur- 
ban track. The large 
boulders in the foreground 
come from the base of the 
deposit, which * here restp 
on shale. 



Fig. 2. Masses of trav- 
ertine at the base of the 
east blaff of Vermilion riv- 
er Sec. 19, T. 19 N.. R. 12 
W. These masses of trav- 
ertine were formed by a 
spring near the top of the 
bluff. They seem to have 
been dislodged by their 
own weight and to have 
rolled down to their pres- 
ent position. 





Fig. .S. Knoll of shale in 
in the flood plain of the 
Vermiiion. looking east. 
The small valley on the 
left separating the knoll 
from the main bluff is 
probably preglacial. 
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Plate III 




Pisr. 1. Knoll in flood 
plain of the Vermilion 
south of the junction of 
Salt and Middle Forks, 
looking east. Salt Fork 
which now flows north of 
this knoll probably flowed 
to the south of it at one 
time. 



Fig:.2. Valley bluffs south 
of knoll shown in Fig. 1. 
Sec. 21. T. 19 N.. R. 21 W. 
The house is built on an 
alluvial fan deposit. No 
river at present flows be- 
tween this bluff and the 
knoll to the north. 





Fig. 3. The 70 foot ter- 
race on the north bluff of 
the Vermilion in the east- 
ern part of Sec. 15, T. 19 
N..R. 12W., looking north. 
The bluff in the back- 
ground r.ses to the level 
of the prairie. 
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(2) Elephas primigenius, Blumenbach, (1803). (The 
Northern Mammoth). 

This was one of the most widely distributed elephant species 
though its remains are usually not as well preserved as are those 
of the smaller Mastodon. 

(3) Elephas columbi, Falconer, (The Southern Mammoth). 
A form generally ranging south of Elephas primigenius, and, 

judging from the size of the teeth discovered, with its larger 
representatives inhabiting the Southwest. 

(4) Elephas imperator, Leidy. 

A form approaching the modern elephant but with very long 
tusks. This species appears to be confined to the interior regions 
of North America extending from Nebraska into Mexico, where 
a sixteen foot tusk, probably, the largest in existence, was found. 

Perhaps the more commonly known type of the above pachy- 
derms is the Mastodon, (Mammut americanus, (Kerr), whose 
earliest appearance seems to be in the Ticholeptus Beds (Deep 
River) and the Loup Fork of the Upper Miocene. Professor E. 
D. Cope believed that nine separate species of the Mastodon ex- 
isted in North America and that the animal continued to, if not 
into, the human period.^ 

Mastodon — Earliest Appearance and Distribution. 

In New York state the Mastodon is said to have entered after 
the retreat of the ice sheet at the close of the Glacial period where 
it succeeded the Northern Mammoth.^ The genus is common from 
New York to Florida and extends west to Alaska, northward into 
Ontario and south to the Gulf of Mexico. Its southern extension 
to the Gulf is evidenced by the abundance of Mastodon bones on 
Petite Island, four miles from Vermillion Bay, La. 

^The Mastodons of North America. E. D. CJope, Anver. Nat. Vol. 18, (May 1884) 
pp.524-526. 

^Description of Mastodon by F. A. Lucas in Pliocene & Pleistocene, Maryland 
Geological Survey, pp. 160-163. Contains also an excellent description of the 
origin and distribution of the elephant group and map illustrating their 
N. American extension. 

168) 



49 

Although appearing earlier it is probable that the Mastodon 
survived the larger mammoth and so well-preserved and fresh 
are many of its bones that it seems most probable that it was 
seen by earlier man in North America. 

Since the American Mastodon appears first in the Upper 
Miocene of the Western United States and because its nearest 
relative and possibly the same species, is Mastodon borsoni, of 
Siberia, it is altogether probable that the introduction of the 
genus into America was by way of the Alaskan peninsula rather 
than from Europe over an uplift of the present sub-marine North 
Atlantic plateau. This theory is somewhat fully explained in an 
article just published by H. S. LuU,^ in which the author discusses 
the evolution of the elephant as well as his distribution. The 
same idea of the introduction of the Mastodon from the north- 
west was earlier developed by Professor H. F. Osborn who con- 
siders Africa the original home of the entire elephant tribe. 
From Africa it appears to have migrated into Europe and later 
into Siberia and thence across Behring Strait and down the 
Alaskan coast into the United States. While it is hardly possible 
that the Mastodon could have endured the cold climate which his 
<iotemporary the Northern Hairy Mammoth certainly withstood 
yet he was able to migrate fully as widely as his larger relative. 

OCCUBBBNCES IN ILLINOIS. 

Passing to the occurrence of the Mastodon in Illinois we 
give below a photograph of a first right upper molar found re- 
cently some thirty-three miles east of Urbana near Rossville, on 
the banks of the North Fork of Vermilion River, Vermilion 
Oounty. 

This tooth, (PI. IV, Figs. 2, 3), measuring four and five-eighths 
in length and three and three-eighths inches in width possesses 
about the cusps unusually thick and beautiful opalescent enamel 
which is but slightly wrinkled. 

Another find has just been reported at Pesotum, fourteen 

^Amer. Jour. Sci. Mar. 1908. p. 202 

(69) 



50 

miles south of Urbana. The bones were found on Mr. Pfeffer's 
farm three and one-half feet below the surface by workmen dig- 
ging a tile ditch. One of the teeth measured over six inches in 
length and when first dug was embedded in the jaw bone, but 
upon being brought to the surface the bone part crumbled away. 

A third and much more valuable discovery has lately been 
unearthed at Maple Park, Eane County and here so large a 
portion of the skeleton has been exhumed that further digging may 
reveal the entire skeleton. The photograph (PL IV, Fig 1.) show- 
ing a portion of these remains has been sent to the writer by Mr. 
Aaron Hummel, who reports the following parts: The lower 
jaw, weighing 85 pounds; complete with all the teeth. The com- 
plete set of bones of the upper portion of the head ; six vertebrae 
of the neck, six of the back and nine of the tail; two shoulder 
blades; one front leg bone (femur) ; thirty ribs, a few toe bones, 
and a bone which Mr. Hummel thinks is the knee cap. The 
bones were reported to be at a depth of six feet below the surface. 

Professor E. D. Cope mentions an interesting discovery in 
1880 of an almost entire skeleton of a mastodon six miles west 
of Hoopeston, Vermilion County, that was eleven feet high, six- 
teen feet in length of body and carried tusks which were nine 
feet in length, twenty-two inches in circumference at their base 
and weighed in their water soaked condition 175 pounds. Be- 
tween the ribs were bits of crushed grasses and herbs upon which 
the mastodon had fed before its death. It is interesting to note 
that these grasses were similar to types existing to-day in that 
vicinity.^ Professor Cope adds that "These grasses with the land 
and small fresh water shells indicate that in Illinois the mastodon 
met his death in wandering through the clays and marshes in 
which he became mired." 

Of much earlier date are the finds which were mentioned 
from time to time in the Geological Survey Reports of Illinois. 
The first of these appears in Vol. IV, (1870,) p. 36 where mastodon 

'American Naturalist, Vol. 16, (Jan. 1882) p. 75. 
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and mammoth bones are reported from Loess deposits of Pike 
County. On page 46 of the same report Mr. Worthern in speak- 
ing of Adams county says "The remains of the Mammoth, 
Mastodon, Megalonyx, Casteriodes and other extinct animals oc- 
cur in the loess indicating that it is a deposit formed in a fresh 
water lake, into which the bones of land animals and the shells 
of terrestrial molluscs, were swept by the streams running into 
it from the adjacent land." 

Again in the same report on page 113 Mr. H. M. Bannister 
states — "A portion of the remains of a mastodon, consisting of the 
tusks, and several teeth, were obtained in excavating for the 
track of the Chicago, Burlington & Quincy R. R. near the city 
of Aurora, Kane County, and are now preserved in the museum 
of Clark Seminary at that place." This material was from the 
superficial deposit overlying the drift. 

Again in the same Volume p. 193 Mr. F. H. Bradley writes 
"During the autumn of 1868, the remains of a mastodon were 
found at Turner's Strippings, about three miles east of Morris, 
Grundy County under 18 inches of black mucky soil and about 
four feet of yellowish loam, and resting on about one foot of hard 
blue clay which covered the Coal," and he adds "The locality is 
a portion of the old river bottom and in the lack of personal 
observation, I am unable to ascertain whether the animal was 
mired and died here, or to suppose that the carcass was deposited 
here by the river." 

In the same Geological Survey report Mr. Bradley under 
Vermilion County refers to a partly decayed mastodon skeleton 
which was found 2 miles S. B. of Fairmount in Sept. 1868. 
These bones were lying partly upon and partly embedded in 
the marly clay under some two feet of soil and the tip of one 
tusk was within 13 inches of the surface. This was an old shell- 
bearing clay of an earlier slough. The interesting feature of 
this discovery was the fact that the bones had been gnawed and 
were mixed up, indicating that after death the mastodon was a 
prey of carniverous types occupying the same habitat. 
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In Volume VI of the Reports, under (lallatin County, Mr. E. 
T. Cox on p. 114 describes the Brine Springs which were par- 
ticularly frequented by the Mastodon and Mammoth, the bones 
of both being found in some abundance around a spot called ^^Half 
Moon." Also on the same page he states that "Teeth of the 
Mastodon were found last summer close to the water's edge in 
front of Shawneetown". These were in a shallow deposit of 
bluish clay resting upon yellow clay and gravel which corresponds 
to the beds of the "Half Moon". 

Again in Volume VIII of the Survey Reports Mr. Worthen 
mentions in the Drift deposits of Alton and Chester the discovery 
of remains of the Mastodon, Mammoth, Megalonyx, Bos primi- 
genius, and Casteroides ohiensis (beaver). 

Of very much earlier date than the series of brief records 
contained in the State Survey Reports is an article by Mr. J. W. 
Foster of Monson, Mass.^ written over 50 years ago in which 
Foster mentions the occurrence of the fossil elephant in Illinois 
and gives a section at Urbana of the Drift materials (pp. 162-163) 
which is as follows — 

Urbana Rantoul 

1. Prairie Soil 2 ft. 9 in 3 feet 

2 Yellow Clay 3 feet 5 feet 

3. Red Sand 2 feet 7 feet (gravelly) 

4. Yellow Clay 30 ft 5. in 51 feet (Blue Clay) 

5. Sand with pebbles 5 feet 7 feet (Sand) 

4 ft. 6 in. (Syenite Bowlder) 
Quicksand. 

Total 43 feet 2 in 77 feet 6 in. 

The author mentioned the occurrence of Mastodon bones at 
Beaucoup, Washington County 18 feet deep in the above prairie 
drift below the yellow clay and in the older and reddish clay. 
He also states that at Sandoval, Marion County, about 24 miles 
north "other'' (Mastodon?) remains were found about twelve 

^On the Geological Position of the Deposits in which Occur the Remadns of the 

Fossil Elephant of North America, Proc. Amer. Assoc. Adv. Sci., Vol. X; 
(1856) 1857, Part 2, pp. 148-169. 
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feet below, in a similar position. And further adds that jat 
Bloomfield, Edgar County the remains of a jaw and three teeth 
were found in the yellow clay, about three feet below the sur- 
face. Finally, he gives the following section at Danville. 

1. Soil 5 feet 

2. Gravel with tones of a pachyderm (Mastodon?) 8 feet 

3. Clay 2 feet 

4. Fine washed sand resting on Coal measure rocks 2 feet 

Total 17 feet 

Foster considered that the Fossil Elephant belonged to the 
Newer Pliocene Period and that he commenced his existence be- 
fore the drift agencies had entirely ceased. This he calls the 
"Fluviatile Period." In concluding he makes the following in- 
teresting observation "Although in rare instances the remains 
of the elephant and the Mastodon have been found side by side, 
there are deposits, in which elephant remains are entombed, 
apparently older than any that contain those of the mastodon; 
and at the same time, there are deposits apparently newer, 
containing mastodon remains in which those of the elephant have 
never been found. The inference might therefore be drawn that 
although at one time contemporary the one was introduced earlier 
while the other survived later." (Foster loc. cit. page 169). 
The later discoveries since Foster's time of the mastodon in the 
Upper Miocene have shown that the reverse was true. 

Summary. 

The occurrences of the mastodon in Illinois and Iowa have 
been listed and published by Netta C. Anderson and Prof. J. A. 
Udden^ of Augustana College. From this list much of the data 
has been obtained for the accompanying outline map. (See 
reverse side of title page) . 

If the recorded discoveries are representative of the dis- 
tribution of the genus mastodon in Illinois it will be noted that 
the majority of "finds" came from a belt extending north and 
^Augus'ana Library Publications No. 5, 1905. 
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south and along the eastern side of the state. Elsewhere, as in 
Adams, Pike, Madison and Kandolph counties adjoining the 
Mississippi River, and in such localities as at Beaucoup, Wash- 
ington county and other interior sections, the remains seem to 
have been found near some stream or river basin. The finds in 
the eastern portion of the state have been at Maple Park and at 
Aurora in Kane County; near Morris, Grundy County; 
Hoopeston, Iroquois County; Rossville, Danville, Pesotum and 
Fairmount in Vermilion County; Murdock in Douglas County; 
Bloomfield in Edgar County; Shawneetown in Gallatin County, 
and at Sandoval in Marion County. 

It has been pointed out by nearly every writer who has 
discussed the subject that the mastodon had a great fondness 
for swamps and low marshes. 

It seems far more probable to the writer that such a ponder- 
ous animal was not only poorly adapted to such a habitat but 
that this would be the very ground which he would strive to 
avoid. From time to time the animals would undoubtedly be 
forced to approach brine marshes in search of salt but it would 
not necessarily follow that they lived in swamps. It is far more 
probable that their habitat was along the pre-glacial basins of 
Pliocene streams and that they wandered up and down such 
drainage basins keeping as far as possible from soft mucky 
ground in which they might easily mire. It has already been 
pointed out that we do not find Mastodon bones on the plains 
of Kansas, although the mammoth was present there. It is 
much more 'plausible to suppose that the mastodon like the 
Mammoth migrated along the lines of least resistance, and, where 
the land had gentle slopes, that he preferred to search for his 
food along the sequestered banks of shaded streams where he 
would be protected from inclement weather rather than in the 
exposed plains, where his more hardy cotemporary might wander 
with much greater ease. The long line of fossil remains run- 
ning in a north and south belt across eastern Illinois may very 
easily indicate an extension of the original drainage from Lake 
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Michigan southward to the Gulf and since the Mastodon is 
found in some abundance on the Gulf shores to the south and 
along a belt northward to near Lake Michigan we may suppose 
that he existed here for a long period of time. As the monster 
wandered up and down such depressions he would eventually 
approach the head waters of the smaller streams until finally 
he might migrate across an adjacent river divide ,and again 
advance and return along another river system. 

The fact that the Mastodon is preserved in muck and clay 
and in swampy places is exactly what we might expect even if 
the animal did not live in such soft ground during his lifetime. 
If he lived along the stream borders he must have died there 
and in flood seasons and during sudden climatic changes he 
would naturally perish and thus his carcass would float down 
the rivers and become buried in the nearest swampy portion of 
the river flood plain into which the incoming sediment would 
most favorably assist in protecting his skeleton from decomposi- 
tion by atmospheric agencies. Even if we grant that the finding 
of an occasional tooth may have but little bearing upon the 
habitat of the mastodon we yet may contend that where the 
major portion of the skeleton is preserved we may suppose that 
the monster met death somewhere near the spot where its body 
was entombed but this does not require his existence in the 
middle of a swamp where the skeleton happens to lie. The 
finding of the extinct beaver remains near the mastodon would 
support the theory that the mastodon lived near wooded and 
shady streams and was seldom found on the broad open plains. 

If an occasional mastodon perished in migrating from one 
stream to another across country we ought to find his remains 
upon the upland along with the mammoth which did exist there. 
Decomposition would of course be more rapid if he perished 
upon elevated land surfaces but since the bones are large and 
massive and because the mammoth is found there the theory 
of rapid decomposition would hardly explain his total absence 
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in such regions as on Kansas plains. Further comparative study 
is necessary before a satisfactory conclusion can be reached but 
we believe the above suggests a new line of investigation which 
has not yet received proper consideration. 



(76) 



Univ. Stud. Vol. III. No. 2 






Plate IV 


1 


1 


/ 


\ 
















1 


^*^ »■ ? 


.^'> 


■^^ •^f / 




' 



FiR. 1. 



Photograph of portion of Mastodon Skeleton lately unearthed at Maple Park. Kane Co., 111. 
(3>^ miles south of town.) 
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